The goal of this study was to assess outcomes of patients who underwent implantation of left ventricular assist devices (LVADs) at nontransplantation mechanical circulatory support centers. As the availability of LVADs for advanced heart failure has expanded to nontransplantation mechanical circulatory support centers, concerns have been expressed about maintaining good outcomes. Demographics and outcomes were evaluated in 276 patients with advanced heart failure who underwent implantation of LVADs as bridge to transplantation or destination therapy at 27 open-heart centers. Baseline characteristics, operative mortality, length of stay, readmission rate, adverse events, quality of life, and survival were analyzed. The overall 30-day mortality was 3% (8 of 276), and survival rates at 6, 12, and 24 months, respectively, were 92 -2%, 88 -3%, and 84 -4% for the bridge-to-transplantation group and 81 -3%, 70 -5%, and 63 -6% for the destination therapy group, comparable with results published by the national Interagency Registry for Mechanically Assisted Circulatory Support (INTERMACS). The median length of stay for all patients was 21 days. Bleeding was the most frequent adverse event. Stroke occurred in 4% (bridge to transplantation) and 6% (destination therapy) of patients. Quality-of-life measures and 6-minute walk distances showed sustained improvements throughout support. In conclusion, outcomes with LVAD support at openheart centers are acceptable and comparable with results from the INTERMACS registry. With appropriate teams, training, center commitment, and certification, LVAD therapy is being disseminated in a responsible way to open-heart centers. Ó 2015 Elsevier Inc. All rights reserved. (Am J Cardiol 2015;115:1254e1259) Treatment of advanced-stage heart failure with left ventricular assist device (LVAD) support provides qualityof-life and survival benefit in most recipients.
Treatment of advanced-stage heart failure with left ventricular assist device (LVAD) support provides qualityof-life and survival benefit in most recipients. 1e6 The development of LVAD technology has been closely associated with heart transplantation, while the greatest potential for expanded use is for destination therapy (DT) in nontransplantation candidates. 7, 8 The use of LVADs beyond heart transplantation centers has been somewhat controversial because of concerns about adequate training, clinical experience, and the availability of necessary resources. 9, 10 In 2009, after commercial approval of the HeartMate II LVAD (Thoratec Corporation, Pleasanton, California) for bridge to transplantation (BTT), nontransplantation mechanical circulatory support (MCS) centers began implanting this device with the support of partnering MCS-transplantation centers. Today, LVAD implantation for BTT and DT is performed regularly at MCS centers. This report provides outcome data for patients who underwent LVAD implantation as BTT and DT at nontransplantation MCS centers.
Methods
This retrospective study was conducted using data from 276 patients who underwent implantation of the HeartMate II LVAD at 27 MCS centers as BTT and DT. Patient data are presented by indication, BTT (n ¼ 100) or DT (n ¼ 176), as identified by the implanting center. Implantation of the HeartMate II LVAD at the MCS centers began in April 2009, after commercial approval of the device as BTT. Before starting LVAD implantation at the MCS centers, agreements were established with partnering MCS-transplantation centers to ensure that heart transplantation candidates were evaluated and listed according to the guidelines of the United Network for Organ Sharing. The partnering MCStransplantation centers provided workup and care protocols specific to their programs and served as resources for information on case management as needed.
All patients were enrolled in the Interagency Registry for Mechanically Assisted Circulatory Support (INTERMACS) and gave informed consent that was approved by the institutional review board at each of the participating centers. The time frame for the data used in this study extends from the date of the first HeartMate II implantation as BTT at an MCS center (April 2009) Baseline characteristics, operative mortality, major adverse event rates, length of stay in the hospital, rehospitalization rate, physical status, quality-of-life measures, and survival to 2 years were analyzed. Data for 30-day, 6-month, and 12-month survival that were grouped by INTERMACS profiles (profiles 1, 2, 3, and 4 to 7) were assessed for differences based on severity of illness. Reported adverse events are defined by the INTERMACS protocol. Physical status evaluated with the 6-minute walk test and qualityof-life measures evaluated with the EuroQol EQ-5D visual analog scale and total quality-of-life scores at baseline, 3, 6, and 12 months were analyzed. The total quality-of-life score is a composite score evaluating anxieties, mobility, pain, and self-care.
Continuous data are reported as mean AE SD, and discrete variables are reported as percentages. Survival analysis was performed using the Kaplan-Meier method with censoring when LVAD support was stopped for heart transplantation or when recovery enabled device removal. Adverse events are given as the total number of events and the event rate (number of events divided by total patient-years). Statistical analyses were performed using SAS version 9.2 (SAS Institute Inc., Cary, North Carolina). Data are presented in 2 groups according to indication for LVAD support (BTT or DT), but statistical comparisons between the groups were not performed. Patients were censored for transplant and death, or support was ongoing for < 12 months. NA ¼ not applicable.
Heart Failure/LVAD Outcomes at Nontransplantation Centers
Results
The baseline characteristics for patients who underwent implantation of the HeartMate II as BTT (n ¼ 100), as DT (n ¼ 176), and the 2 groups combined (n ¼ 276) are listed in Table 1 . The 2 groups were composed predominantly of men, and the age distribution (ranges defined by INTER-MACS) was consistent with the indication for support (i.e., 35% of patients were >70 years of age in the DT group, and only 6% were >70 years of age in the BTT group). Most BTT patients (67%) were 50 to 69 years of age, and those in the DT group were predominately >60 years of age (72%). The severity of illness defined on the basis of INTERMACS profile was similar for the 2 groups. Patients with critical cardiogenic shock (INTERMACS profile 1) represented the smallest proportion in both groups. Hemodynamic and laboratory parameters for the 2 groups were representative of advanced-stage heart failure.
The average duration of support for all MCS center patients (n ¼ 276) was 8.3 AE 7.2 months (median 6.2, range 0 to 36.4) and was 9.6 AE 7.6 months for BTT (maximum 36.4) and 7.6 AE 6.8 months for DT (maximum 31.2). Shorter follow-up of DT patients occurred because centers only more recently started DT programs. The cumulative follow-up duration was 81.0 patient-years for BTT and 109.8 patient-years for DT.
At the time of the analysis cutoff date (December 2012), 20 of the BTT patients (20%) and 7 of the DT patients (4%) had undergone heart transplantation. Death during support occurred in 8 of 100 BTT patients (8%) and in 40 of 176 DT patients (23%). The number of patients remaining on LVAD support was 195 of 276 (71%): 68 of 100 BTT patients (68%) and 127 of 176 DT patients (72%). One patient had Table 3 The number of implants for bridge to transplant, destination therapy and total number of implants by MCS center
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Bridge the device explanted after myocardial recovery, 4 patients underwent device exchange because of thrombosis, and 2 devices were exchanged for unspecified device malfunctions. The overall 30-day mortality was 3% (8 of 276), with 2 deaths in the BTT group that were INTERMACS profile 2 and profile 3, respectively, and 6 deaths in the DT group that were INTERMACS profile 1 (n ¼ 3) or profile 2 (n ¼ 3). The survival rates by INTERMACS profile are given in Table 2 . The Kaplan-Meier survival rates ( Figure 1 ) at 6, 12, and 24 months, respectively, for the BTT group were 92 AE 2%, 88 AE 3%, and 84 AE 4%; for the DT group, the respective survival rates were 81 AE 3%, 70 AE 5%, and 63 AE 6%. The 276 patients underwent implantation of the HeartMate II at 27 MCS centers with an average of 10.3 AE 11.7 (range 1 to 55) implantations per center (Table 3 ). The survival rates at 1, 6, and 12 months at the centers with 20 implants (n ¼ 127) were 96.8 AE 1.6%, 89.8 AE 3.0%, and 78.2 AE 5.2%, respectively, and at centers with >20 implantations, the rates were 98.0 AE 2.0%, 85.6 AE 3.1%, and 80.4 AE 3.9%, respectively (p ¼ 0.702).
After LVAD implantation, the median length of stay in the hospital was 21 days for all MCS center patients, and it was 6 days longer for DT patients (22.5 days) than for BTT patients (16.5 days). The percentages of patients discharged after LVAD implantation were 92% for BTT patients, 90% for DT patients, and 91% for all patients. The hospital readmission rate was 1.48 events per patient-year (1.10 for BTT, 1.77 for DT). The reasons for readmission in the DT cohort are listed in Table 4 .
The most common adverse event was bleeding and is presented as either of gastrointestinal origin or postoperative bleeding requiring reoperation (Table 5) . Cardiac arrhythmia was also common, followed by device infection and rightsided cardiac failure. The overall adverse event rates were higher for the DT group.
Both BTT and DT patients had improved quality of life at the 3-month time point, with the improvements maintained to 12 months (Figure 2) . At 3 months after implantation, the mean values on the EuroQoL visual analog scale had improved by 31.7 points for the BTT group and 34.9 points for the DT group (Figure 2 ). In the same time frame, the total mean composite quality-of-life score decreased (indicating improved quality of life) by 1.94 points for BTT patients and 1.63 points for DT patients (Figure 2 ). There was also marked improvement in 6-minute walk distances from preimplantation to 3 months, with walk distances maintained by the 2 groups of patients through 12 months (Figure 2) . The number of patients participating in quality-of-life tests varied because of severity of illness, lower limb problems or inability to complete the test, scheduling issues, and choice given the voluntary participation by centers.
Discussion
In recent years, considerable progress has been made to improve the outcomes of patients who undergo LVAD support as BTT and DT. The 1-year survival rate for the BTT indication has progressed from 68% in the early phase of the clinical trial 1 to 85% in post-trial studies. 4, 5 Similarly, for patients supported for the DT indication, survival has increased from 68% early in the clinical trial 3 to 75% in the INTERMACS registry. 11 In this study at MCS centers, the 1-and 2-year survival rates, respectively, were 92% and 88% for BTT patients and 70% and 63% for DT patients (Table 6 ). These results are comparable with those from the INTERMACS registry as a whole and indicate that good outcomes can be achieved in patients who undergo LVAD implantation at MCS centers.
The results of this study demonstrate that patients with advanced-stage heart failure who undergo implantation of LVADs have improved quality of life and survive for durations seen in like populations. Similar to the improvements observed in the quality-of-life measures, physical functioning was enhanced, as demonstrated by the changes in the 6-minute walk distances. Adverse event rates appear to be within acceptable ranges, as they are not greatly different from reports of the large clinical trials. 1e6 The observed hospitalization time and duration of LVAD support follow the trends of large populations of LVAD-supported patients.
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This observational study was intended as a benchmark for assessing the outcomes of LVAD therapy at centers without transplantation services or histories of MCS programs. A legitimate concern has been that a fast-paced Heart Failure/LVAD Outcomes at Nontransplantation Centersexpansion of LVAD implantation after commercial approval would have a negative effect on patient outcomes. 10 Sufficient professional resources dedicated to advance heart failure care at all types of centers are necessary to achieve positive outcomes in the very challenging heart failure population. 12 The directors of the LVAD programs at the MCS centers-cardiac surgeons and cardiologists-were previously trained at academic medical centers at which heart transplantation and MCS were included as part of the training program. In addition, for DT certification by the Centers for Medicare and Medicaid Services, an MCS center cardiac surgeon is required to complete a minimum of 10 LVAD implantations within a 36-month period. All of the MCS centers have either completed Centers for Medicare and Medicaid Services DT certification or are in the process of doing so. Dedicated LVAD coordinators at the MCS centers play a crucial role in the overall management of cases; other contributing hospital resources, such as biomedical engineering, social services, perfusion, and administration, are necessary for the complete care of LVAD patients. Because patients with heart failure with LVAD support are susceptible to other organ dysfunction, medical specialists in pulmonology, renal disease, neurology, and infectious disease and hematology can provide important contributions to the program. In addition to these in-house resources, communication with a collaborating transplantation center is an essential component in MCS center patient outcome. All MCS centers have agreements with transplantation centers to ensure appropriate workup, listing, and eventual transplantation for those patients who undergo support as BTT.
Most of the heart failure population in the United States has limited access to LVAD therapy. Patients with heart failure are distributed throughout the United States, and care is provided by many medical centers in a variety of communities. The limited access to LVAD therapy is the result of geographic constraints and the general deficiency of referral networks. Currently, the number and locations of the most experienced transplantation centers that provide LVAD therapy are not adequate to serve the large population of patients with heart failure. 13 Expansion of LVAD therapy to qualified nontransplantation medical centers is necessary to more effectively treat the vast number of patients with heart failure. A limitation of this study is that patients at the MCS centers may not be perfectly matched to those from the clinical trials or to other patients in the INTERMACS registry; an analysis of that is beyond the scope of this project. The retrospective analysis of registry data may have variability in the completeness and accuracy of reporting. There also may be a delay in complete entry of all individual patient data, from implantation to outcome, and auditing and adjudication of data is not as thorough as in U.S. Food and Drug Administrationeapproved clinical trials.
